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SPECIFICATION 

A WIRELESS COMMUNICATION SYSTEM, A WIRELESS 
COMMUNICATION APPARATUS, A WIRELESS 

5 COMMUNICATION METHOD, AND A COMPUTER PROGRAM 

> -a 

TECHNICAL FIELD 

This invention relates to a wireless communication system, a 

10 wireless communication apparatus, a wireless communication method, 
and a computer program, for mutual communication among a 
plurality of wireless stations, and particularly to a wireless 
communication system, a wireless communication apparatus, a 
wireless communication method, and a computer program, for 

15 effecting access control with avoiding collisions of communication 
and a retransmission control. 

More specifically, the present invention relates to a wireless 
communication system, a wireless communication apparatus, a 
wireless communication method, and a computer program, for access 

20 control with avoiding collisions of communication and a 
retransmission control in the ultra-wide band communication system 
and particularly to a wireless communication system, a wireless 
communication apparatus, a wireless communication method, and a 
computer program, for providing an access control with avoiding 

25 collisions of communication and a retransmission control with that 
communication apparatuses being currently non-communicating hold 
the use condition of transmission path through which data 
communication or retransmission is executed between other 
communication terminals. 

30 

BACKGROUND ART 

Construction of an LAN (Local Area Network) by connecting a 
plurality of computers provides sharing information such as files and 
35 data, sharing peripheral devices such as a printer, and interchanging 
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information such as forwarding electronic mail or data content. 

Conventionally, the wired LAN connection with optical fibers, 
coaxial cables, or twist-pair cables was general. This case requires 
wiring constructions, which makes it difficult to simply construct a 
5 network and makes works for laying cables troublesome. Further, 
after the construction of a LAN, the length of the cable connected to 
a device limits the movable range. 

Then, wireless LANs draw attention as a system releasing 
users from the LAN wiring in the wired system. According to the 

10 wireless LAN, at operation spaces of offices or the like, most of all 
part of wiring cables can be omitted, so that communication terminals 
such as personal computer (PC) can be moved relatively easily. 
Recently, the demands have remarkably increased with the advance in 
high speed in the wireless LAN system and lowering the cost. In 

15 particular, to construct a small scale of wireless network among a 
plurality of electronic devices existing around human beings to effect 
information communication, recently introducing a personal area 
network (PAN) has been studied. For example, different wireless 
communication systems are defined using frequency bands for which 

20 governmental licenses are not required such as the 2.4 GHz band, the 
S GHz, and the like. 

In a communication system constructed of a plurality of 
terminals, it is known that an access control is necessary to avoid 
collisions of communication between terminals. The access control 

25 in the wireless network includes the channel occupied system such as 
the FDMA (Frequency Division Multiple Access: Frequency Division 
Multiple Access), the TDMA (Time Division Multiple Access: Time 
Division Multiple), the CDMA (Code Division Multiple Access: Code 
Division Multiple Access), or the channel shared system such as the 

30 ALOHA or the CSMA (Carrier Sense Multiple Access: Carrier Sense 
Multiple Access). 

For the packet communication having a high burst 
characteristic due to random communication demands, the channel 
shared systems, in which a plurality of terminals share the same 

35 frequency channel, are frequently adopted. In this channel shared 
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system, communication requests randomly done from the terminals 
may cause collisions of signals from a plurality of terminal stations 
(i.e., transmission at the same time interval). Since the collision 
will decrease the service quality in communication, as a method for 
5 avoiding this, the CSMA/CA (Carrier Sense Multiple 
Access/Collision Avoidance: Carrier Sense Multiple Access/Collision 
Avoidance) system is widely adopted. 

Further, it is known that "Ad Hoc communication" freely 
constructing a network within communicable regions of respective 

10 wireless communication apparatuses, without proving a specific base 
station or a control station, is suitable for constructing a small scale 
of personal area network (PAN). In the Ad Hoc communication 
system, an access control is also adopted to detect whether own 
transmission type of transmission does not collide. 

15 Further, in the wireless communication system, a method of 

inserting a preamble having a known pattern at the top of the packet 
for synchronization among the communication apparatuses is 
generally adopted. 

For example, a system for wireless communication in which 

20 information is superimposed on an extreme week impulse stream 
draws attention as a wireless communication system realizing a near 
field ultra high speed transmission and is expected to be actually used. 
The UWB transmission system includes two types, namely, the DS- 
UWB system in which a diffusion speed of the information signal of 

25 the DS is increased to the upper limit and the impulse-UWB system 
in which the information signal is formed with an impulse scream 
having an extremely short period at about hundreds picoseconds. 
Both systems provide high speed data transmissions by diffusion 
toward an ultra high frequency band, for example, from 3 GHz to 10 

30 GHz to execute transmission and reception. The occupied 
bandwidth is that of a GHz-order such that the value obtained by 
dividing the occupied band width by its center frequency (for 
example, 1 GHz to 10 GHz) becomes about 1. This has an ultra 
wide band if it is compared with the band width generally used in the 

35 wireless LAN or the like using the so-called W-CDMA or cdma2000 
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system, SS (Spread Spectrum) or OFDM (Orthogonal Frequency 
Division Multiplexing) system. 

Recently, in IEEE802.1'5.3, as an access control method for the 
ultra wide band communication, a data transmission method for a 
5 packet structure including a preamble is proposed. 

Further, after the transmission of data from an information 
transmission source communication apparatus, when an information 
reception target communication apparatus side succeeds in data 
reception, as an automatic retransmission control method, a method 

10 of immediately returning reception confirmation information 
(immediate ACK) has been generally adopted. In this case, at the 
information transmission source communication apparatus side 
recognizes the completion of the data transmission when the 
immediate ACK can be received within a predetermined interval after 

15 the data transmission, but on the other hand, when the immediate 
ACK cannot be received within the- predetermined interval, it 
recognizes the incompletion of the data transmission. In the case of 
the latter, a data retransmission process is activated. 

Further, in the wireless communication system, as another 

20 method to improve a communication quality with avoiding collisions, 
the RTS/CTS method is given. In this case, before the transmission 
of the body of the information, the information transmission source 
communication apparatus transmits an RTS (Request to Send: 
transmission request). When the information reception target 

25 communication apparatus receives this RTS, and if the data reception 
is possible, a CTS (Clear to Send: confirmation notice) is returned as 
the response. Then, after establishment of connection between the 
apparatuses by interchanging the RTS/CTS information, the data 
transmission is executed. 

30 Here, in the ultra wide band communication mentioned earlier, 

the communication is executed with extremely weak impulse streams, 
and thus, it has no specified frequency-like carrier. Thus, there is a 
problem that it is difficult that the access control method on the basis 
of the CSMA/CA using the reception electric field intensity 

35 information (RSSI) cannot be adopted as it is. 
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On the other hand, in the reception apparatus, a system can be 
considered which transmits an access control signal to inform the 
peripherals about its reception condition during the interval for which 
the signal directed to own station is received. In this case, the 
5 communication apparatus during non-communication state holds the 
use condition of the transmission path with a lead of the reception of 
the access control signal. 

However, if the use of transmission is notified during 
communication state, the communication apparatus on the reception 

10 side is required to transmit and receive the data at the same time. 
Further, it is required to transmit the access control signal by using a 
signal of a different frequency band, changing the diffusion code, or 
selecting timings with which impulses do not overlap. This makes 
the control complicated. 

15 Further, in such a wireless communication system as to hold 

the user of the transmission path on the basis of a preamble signal, if 
a retransmission control is automatically executed on the basis of 
presence and absence of return of a reception confirmation 
information (immediate ACK) within a predetermined interval, other 

20 communication apparatuses cannot be known about the start of 
retransmission as long as the preamble signal once added to the 
NACK information is not transmitted from the information reception 
target. Thus, loss of time is expected. 

In addition, in the wireless communication system 

25 interchanging the RTS/CTS information, it is necessary to undergo a 
connection procedure between the information transmission source 
and the signal reception target before the data transmission. Thus, 
the adoption of a method using the preamble signal corresponding to 
a redundant time added before a signal will cause a problem that it 

30 takes for a long period to conduct the connection procedure. 

DISCLOSURE OF THE INVENTION 

The object of the present invention is to provide a superior 
35 wireless communication system, a wireless communication apparatus, 
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a wireless communication method, and a computer program capable 
of preferably executing the access control and as well as the 
retransmission control for avoiding collisions of communication. 

A further object of the present invention is provide a superior 
5 wireless communication system, a wireless communication apparatus, 
a wireless communication method, and a computer program, capable 
of preferably executing a retransmission control in addition to a 
suitable access control for avoiding collisions of communication in 
the ultra wide band communication system. 

10 A further object of the present invention is to provide a 

superior wireless communication system, a wireless communication 
apparatus, a wireless communication method, and a computer 
program, capable of providing a suitable access control or a suitable 
retransmission control for holding the use condition of the 

15 transmission path for the data communication or retransmission 
between other communication terminals by a currently non- 
communicating communication apparatus. 

The present invention is provided in consideration of the 

20 above-described problems and its first aspect is a wireless 
communication system, comprising a plurality of communication 
apparatuses, for dividing transmission data by a predetermined unit 
and effecting data transmission, characterized in that 

a communication apparatus of an information transmission 

25 source forms a data packet by inserting a preamble signal into each 
transmission data to transmit it, and 

a communication apparatus being not currently communicating 
recognizes that the transmission path is used for a predetermined 
interval from when the preamble signal is detected. According to 

30 the wireless communication system regarding the first aspect, each 
communication apparatus can hold the use condition of the 
transmission path on the basis of the detection of the preamble signal 
and also in the Ad Hoc communication, it can preferably provide the 
access control with avoiding collision of communication. 

35 However, the "system" here means an object in which a 
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plurality of apparatuses (or functional modules for providing a 
specified functions) logically congregating, and thus it is not in 
question as to whether or not each apparatus or each module exists in 
a single case. 

5 In the wireless communication system regarding the first 

embodiment of the present invention, the communication apparatus of 
the information transmission source constructs a data packet at a 
predetermined time interval unit and as well as inserts a preamble 
signal to transmit it. On the other hand, after reception of a data 

10 packet the information reception target communication apparatus, in 
response to correctly receiving the data, generates an ACK 
information or in response to incorrectly receiving the data, generates 
an NACK information, forms an ACK or an NACK packet into which 
the preamble signal is inserted to return it. After that, the above- 

15 mentioned information transmission source communication apparatus 
retransmits the data packet of the above-described predetermined 
time interval unit only in response to the reception of the NACK 
packet. 

In the case of such an automatic retransmission control, the 

20 communication apparatus currently non-communicating state can 
recognize that the transmission path is used for the data 
retransmission for the interval from when the detection of the NACK 
packet to when the detection of the next ACK packet on the basis of 
the reception of the preamble signal. 

25 Further, other communication apparatuses currently non- 

communicating state can recognize on the basis of the detection of 
the preamble signal the termination of the use of the transmission 
path, because it is supposed that a payload has a predetermined length, 
when an ACK packet cannot be detected until a predetermined 

30 interval elapsed from when the reception of the NACK packet. 

Further, the information reception target apparatus may add a 
beacon signal describing information regarding the communication of 
which transmission is permitted with priority to the top of the 
preamble signal to transmit it. The communication apparatus 

35 specified by the beacon signal may transmit a data packet of a 
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predetermined unit when the data to be transmitted to the information 
reception target apparatus exists. 

In this case, other communication apparatuses currently non- 
communicating state can recognize that the transmission path is used 
5 for the interval corresponding to the packet length from when the 
beacon signal is received on the basis of the detection of the 
preamble signal. 

Further, the information transmission source apparatus may 
transmit a transmission request packet (RTS) into which a preamble 

10 signal is inserted when no preamble signal is detected for a 
predetermined interval. The information reception target 
communication apparatus may return a confirmation notice packet 
(CTS) in response to the reception of the transmission request packet 
(RTS) to start the data transmission through the connection procedure 

15 on the basis of the RTS/CTS. 

In this case, other communication apparatus currently non- 
communicating can detect an NACK packet from when the reception 
of the confirmation notice (CTS) packet to when a predetermined 
interval elapsed on the basis of the detection of the preamble signal 

20 and can recognize the use of the transmission path for the interval up 
to the detection of the next ACK packet. 

As this time, the information above-mentioned transmission 
source communication apparatus may include an element of the 
transmission request (RTS) for the next data packet transmission in 

25 the data packet when there is subsequent transmission data. 
Furthermore, the information reception target communication 
apparatus may include an element of the confirmation notice (CTS) in 
the ACK packet or the NACK packet corresponding to the received 
data packet. 

30 In this case, because the connection procedure between 

transmission apparatus and the reception apparatus on the basis of the 
RTS/CTS can be included in the net data transmission or the 
corresponding ACK return though the data packet transmission 
continues, the redundancy in the connection procedure can be 

35 eliminated, and the communication interval necessary for the same 
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data transmission amount can be shortened. 

Further, a second aspect of the present invention is a computer 
program described in a computer-readable format to execute on a 
5 computer system a wireless communication process in a wireless 
network constructed with a plurality of communication apparatus, 
characterized by comprising: 

a buffering step dividing transmission data by a predetermined 

unit; 

10 a transmission data processing step adding a predetermined 

preamble signal to the divided data to form a transmission packet; 

a preamble detection step detecting a preamble signal on a 
transmission path; 

a transmission step transmitting the formed packet when the 
15 preamble signal is not detected at said preamble detection means for 
a predetermined interval; 

a reception step receiving the signal added to the preamble 
signal in response to the detection of the preamble signal; and 

a reception data processing step analyzing the information 
20 received by said reception step. 

The computer program regarding the second aspect of the 
present invention defines a computer program described in a 
computer-readable format to execute a predetermined process on a 
computer system. In other words, installing the computer program 
25 regarding the second aspect of the present invention into a computer 
system exercises a cooperative function on the computer system to 
provide the same operational effect as the wireless communication 
system regarding the first aspect of the present invention. 

30 Further objects, features, and advantage effects of the present 

invention will become more readily apparent from the following 
detailed description taken in conjunction with the accompanying 
drawings. 

35 BRIEF DESCRIPTION OF DRAWINGS 
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Fig. 1 is a drawing illustrating an arrangement example of 
communication apparatuses constructing a wireless communication 
system regarding an embodiment of the present invention; 
5 Fig. 2 is a drawing illustrating a structural example of a 

transmission frame period used in the wireless communication system 
regarding an embodiment of the present invention; 

Fig. 3 is a drawing illustrating an operation example of a 
communication sequence when a prioritized transmission source is 
10 specified; 

Fig. 4 is a drawing illustrating a communication sequence 
when a prioritized transmission source is not specified; 

Fig. 5 is a drawing illustrating a communication sequence 
example in which data is continuously transmitted in the data 
15 transmission using a connection procedure on the basis of the 
RTS/CTS; 

Fig. 6 is a drawing illustrating an operation sequence example 
of data retransmission; 

Fig. 7 is a drawing schematically illustrating a functional 
20 structure example of wireless communication apparatus capable of 
preferably operating in a wireless communication system regarding 
an embodiment of the present invention; 

Fig. 8 is a drawing illustrating a structure of the beacon signal 
used in the wireless system regarding an embodiment of the present 
25 invention; 

Fig. 9 is a drawing illustrating a structure of a data packet 
signal used in the wireless system regarding an embodiment of the 
present invention; 

Fig. 10 is a drawing illustrating a structure of an ACK packet 
30 signal used in the wireless system regarding an embodiment of the 
present invention; 

Fig. 11 is a drawing illustrating a structure of an NACK packet 
signal used in the wireless system regarding an embodiment of the 
present invention; 

35 Fig. 12 is a drawing illustrating a structure of a transmission 
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request (RTS) packet signal used in the wireless system regarding an 
embodiment of the present invention; 

Fig. 13 is a drawing illustrating a structure of a confirmation 
notice (CTS) packet signal used in the wireless system regarding an 
5 embodiment of the present invention; 

Fig. 14 is a flow chart illustrating an operation procedure 
executed within the wireless system by the wireless communication 
system shown in Fig. 7; and 

Fig. 15 is a flow chart illustrating a detailed procedure of the 
10 access control corresponding to step S3 in Fig. 14. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Hereinbelow will be described an embodiment of the present 
15 invention with reference to drawings. 

Fig. 1 shows an arrangement example of communication 
apparatuses constructing a wireless communication system of an 
embodiment of the present invention. The same drawing illustrates 

20 the condition in which a communication apparatus #1 to a 
communication apparatus #7 are distributed on the same space. 

The broken lines in the same drawing show communication 
areas of respective communication apparatuses in which each of the 
communication apparatus is mutually communicable with other 

25 communication apparatuses existing within the area and also provides 
interference at the area. 

That is, in the example shown in Fig. 1, the communication 
apparatus #1 exists at an area communicable with the adjacent 
communication apparatuses #2, #3, and #7. The communication 

30 apparatus #2 exists at an area communicable with the adjacent 
communication apparatuses #1 and #3. The communication 
apparatus #3 exists at an area communicable with the adjacent 
communication apparatuses #1, #2, and #5. The communication 
apparatus #4 exists at an area communicable with the adjacent 

35 communication apparatus #5. The communication apparatus #5 
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exists at an area communicable with the adjacent communication 
apparatuses #3, #4, and #6. The communication apparatus #6 exists 
at an area communicable with the adjacent communication apparatus 
#5. The communication apparatus #7 exists at an area 
5 communicable with the adjacent communication apparatus #1. 

As described later, according to the present invention, each 
communication apparatus establishes the access control by using one 
wireless transmission path in a time-divisional manner in 
consideration of mutual influence with other communication 

10 apparatuses existing around the communication apparatus. 

Fig. 2 shows an example of a frame structure used in the 
wireless communication system of the embodiment. 

The frame structure shown in the drawing is defined by the 
transmission of a beacon signal (B) from each wireless 

15 communication apparatus, wherein a transmission frame period and a 
different offset timing are set for each wireless communication 
apparatus. That is, each wireless communication apparatus is set to 
have a different beacon transmission position to transmit a beacon 
with mutually avoiding collisions to form an autonomous distributed 

20 type of Ad Hoc wireless network. The beacon signal may have 
description of various types of information to control the 
communication operation at the communicable area of the wireless 
communication apparatus. 

Fig. 3 shows an operation example of the communication 

25 sequence when a prioritized transmission source is specified. The 
example shown in the same drawing illustrates the sequence capable 
of communication with eliminating the complicated connection 
procedure by that a communication apparatus as an information 
reception target specifies the communication apparatus effecting a 

30 prioritized transmission just after own beacon signal. 

In the drawing, the communication apparatuses #1, #2, #3, and 
#4 are arranged, and the communication apparatus #1 is 
communicable with the adjacent communication apparatus #2. The 
communication apparatus #2 is communicable with the adjacent 

35 communication apparatuses #1 and #3. The communication 
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apparatus #3 is communicable with the adjacent communication 
apparatuses #2 and #4. The communication apparatus #4 is 
communicable with the adjacent communication apparatus #3. 
Further, the communication apparatus #4 is not audible to the 
5 communication apparatus #2, and the communication apparatus #1 is 
not audible to the communication apparatus #3. Thus, they are 
hidden terminals for each other. 

When the beacon signal is transmitted from the 
communication apparatus #3, the adjacent communication apparatuses 

10 #2 and #4 receive it. Then, the communication apparatus #2 
specified as the prioritized transmission target can transmit the data. 

As this time, the communication apparatus #4, a hidden 
terminal viewed from the communication apparatus #2, detects the 
use of the transmission path using the beacon signal to execute a 

15 control without transmission until the termination of this 
communication. More specifically, the communication apparatus #4 
detects that another communication apparatus #2 is specified as the 
prioritized transmission source on the basis of the beacon signal from 
the communication apparatus #3 to recognize that the transmission 

20 path is used up to the detection of the ACK packet for the 
transmission data from the communication apparatus #2. 

Further, the communication apparatus #1 is a hidden terminal 
viewed from the communication apparatus #3 and thus, cannot 
receive the beacon signal, but can similarly detect the use of the 

25 transmission path on the basis of the preamble signal added to the top 
of the data packet according to the data transmission by the 
communication apparatus #2 to execute a control of non-transmission 
until the termination of this communication. 

As shown in Fig. 3, a preamble signal is always added to top 

30 of the beacon signal, the data packet, and the ACK packet. In the 
drawing, the parts designated with "P" correspond the preamble. 
Addition at the start of transmission of each signal enables the 
communication apparatuses to detect the use of the transmission path 
by adjacent communication apparatuses. 

35 The preamble signal is generally formed with the known string 
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information and transmitted, so that it can be more easily received 
than the net transmission data. Thus, the communication 
apparatuses at the communicable area can surely detect this. This is 
also applicable to the Ultra Wide Band communication having no 
5 carrier of a specific frequency. 

In the operation sequence example shown in Fig. 3, the 
judgment of the termination of the communication is triggered by the 
release of the transmission path caused by the return of the ACK from 
the communication apparatus #3, and in addition, it can be done by 

10 approximately calculating the termination time of the communication 
from the information described at the header part of the data. 
Alternatively, it may be judged by no detection of the preamble over 
a predetermined interval. 

Fig. 4 illustrates an operation example of the communication 

15 sequence when no priority transmission source is specified. In the 
example shown in the same drawing, the communication apparatus as 
the information reception target transmits a transmission request 
(RTS), and the communication apparatus as the reception target 
returns the confirmation notice (CTS) with informing the 

20 communication apparatus at the position showing a possibility of a 
hidden terminal about the use of the wireless transmission path to 
execute the data communication. 

In the drawing, it is assumed that the communication 
apparatuses #1, #2, #3, and #4 are in the same position relation as 

25 that in Fig. 3. The communication apparatus #2 intending to 
transmit data transmits a transmission request (RTS) to the 
communication apparatus #3, and the communication apparatus #3 
returns the confirmation notice (CTS) to the communication 
apparatus #2. 

30 At this point, the communication apparatuses #1 and #4 at the 

positions showing a possibility of making them hidden terminals 
viewed from both the communication apparatuses #2 and #3 execute 
controls without transmission, respectively, up to the termination of 
the communication by detection of the use of the transmission path. 

35 More specifically, the communication apparatus #1 detects the 
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start of the data transmission of which transmission source is another 
communication apparatus #2 on the basis of the RTS packet to obtain 
the timings of the data transmission of the net data and the return of 
the corresponding ACK packet to recognize that the transmission path 
5 is used for the interval. Further, the communication apparatus #4 
detects the start of data transmission of which reception target is 
another communication apparatus #3 on the basis of the CTS packet 
to recognize that the transmission path is used up to the detection of 
the return of the ACK packet from the communication apparatus #3. 

10 As shown in Fig. 4, a preamble signal is always added to the 

RTS packet, the CTS packet, a data packet, and an ACK packet. In 
the drawing, the parts designated with "P" correspond the preamble. 
Sure addition at the start of transmission of each signal enables the 
adjacent communication apparatuses to detect the use of the 

15 transmission path. The preamble signal is generally formed with the 
known string information and transmitted, so that it can be more 
easily received than the net transmission data. Thus, the respective 
communication apparatuses at the communicable area can surly detect 
this. This is also applicable to the Ultra Wide Band communication 

20 having no carrier of a specific frequency. 

In the operation sequence example shown in Fig. 4, the 
judgment of the termination of the communication is triggered by the 
release of the transmission path caused by the return of the ACK from 
the communication apparatus #3, and in addition, it can be done by 

25 approximately calculating the termination time of the communication 
from the information described at the header part of the data. 
Alternatively, it may be judged by no detection of the preamble over 
a predetermined interval. 

Fig. 5 illustrates a communication sequence example 

30 continuously transmitting data in the data transmission using the 
connection procedure on the basis of RTS/CTS. In the example of 
the same drawing, if a plurality of data packets are successively 
transmitted, the ACK information is once received from the reception 
target to inform the periphery about the successive use of the 

35 transmission path to continue the data transmission. 
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In the drawing, it is assumed that the communication 
apparatuses #1, #2, #3, and #4 are in the same position relation as 
that shown in Fig. 3. If the communication apparatus #2 executes 
the data transmission to the communication to the communication 
5 apparatus #3 in accordance with a predetermined access control, and 
if the data further continue, an element of the RTS is also added into 
the payload (data body) or the header information for the next data 
transmission. 

On the other hand, the communication apparatus #3 side 

10 returns an ACK (or NACK) packet to the communication apparatus #2 
after the completion of the data packet. Then, the element of the 
CTS included in the ACK information is returned, which enables the 
communication apparatus #2 to successively transmit the data. 

At this point, the communication apparatus #4 as a hidden 

15 terminal viewed from the communication apparatus #2 receives the 
ACK including the element of the CTS to hold the continuation of the 
communication directed to the communication apparatus #3 to detect 
the use of the transmission path to execute a control without 
transmission until the termination of the communication. 

20 Further, because the communication apparatus #2 continues to 

transmit the data transmission, the communication apparatus #1 as a 
hidden terminal viewed from the communication terminal #3 receives 
the . data packet including the element of the RTS to similarly detect 
the use of the transmission path to execute a control without 

25 transmission until the termination of the communication. 

When the communication apparatus #2 does not transmit data 
including the element of the RTS or when the communication 
apparatus #3 returns a pure ACK including no element of the CTS, 
the continuous communication terminates finally. The judgment of 

30 the termination of the communication is, as shown in the drawing, 
triggered by the release of the transmission path caused by the return 
of the ACK from the communication apparatus #3, and in addition, it 
can be made by approximately calculating the termination time of the 
communication from the information described at the header part of 

35 the data packet. Alternatively, it may be judged by no detection of 
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the preamble over a predetermined interval. 

As shown in Fig. 5, the preamble signal is always added to the 
top of the data packet or the ACK (or NACK) packet. In the 
drawing, the parts of designated with "P" correspond the preamble 
5 and the addition at the start of transmission of each signal enables the 
communication apparatuses to detect the use of the transmission path 
by adjacent communication apparatuses. The preamble signal is 
generally made up of the known string information to be transmitted, 
so that it can be more easily received than the net transmission data. 

10 Thus, the communication apparatuses at the communicable area can 
surely detect this. This is also applicable to the Ultra Wide Band 
communication having no carrier of a specific frequency. 

Further, as shown in Fig. 5, because the connection procedure 
between the transmission apparatus and the reception apparatus on 

15 the basis of the RTS/CTS can be included in the net data transmission 
or the corresponding ACK return if the data packet transmission 
continues, the redundancy in the connection procedure can be 
eliminated and the communication interval necessary for the same 
data transmission amount can be shorted. 

20 Fig. 6 shows an operation sequence example for the data 

retransmission. In the example shown in the same drawing, when 
the communication apparatus as a transmission source receives the 
NACK packet from the reception target, the periphery is informed of 
execution of the continued retransmission to continue the data 

25 retransmission. 

In the drawing, when the communication apparatus #2 is 
transmitting a data packet to the communication apparatus #3 in 
accordance with the predetermined access control, and when the data 
includes an error at the communication apparatus #3, the NACK in 

30 formation is generated. After termination of the data, the NACK 
packet is returned to the communication apparatus #2 from the 
communication apparatus #3. Here, a preamble signal is added to the 
top of the NACK packet. The communication apparatus #2 
receiving the NACK information can continue the data retransmission. 

35 During this, the communication apparatus #4, a hidden 
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terminal with respect to the communication apparatus #2, holds the 
continuation of the retransmission to the communication apparatus #3 
by receiving the NACK packet to detect the use of the transmission 
path and executes a control without transmission until the termination 
5 of the communication. More specifically, on the basis of the NACK 
packet, the start of the data retransmission of which reception target 
is another communication apparatus #3 is detected, and thus it is 
possible to recognize that the transmission path has been used until 
the return of the ACK packet from the communication apparatus #3 is 
10 detected. 

Further, the retransmission of the data from the 
communication apparatus #2 causes the communication apparatus #1, 
which is a hidden terminal from the communication apparatus #3, to 
similarly detect the use of the transmission path on the basis of the 

15 preamble signal added to the top of the data packet to execute a 
control without transmission until the termination of the 
communication. 

Then, the return of an ACK packet from the communication 
' apparatus #2 finally terminates the sequence communication. The 

20 judgment of the termination of the communication is triggered by that 
the transmission path is released by the return of the ACK packet 
from the communication apparatus #3 as shown in drawing and as 
well as may be made by approximately calculating the termination 
time of the communication from the information described at the 

25 header part of the data packet. Alternatively, the transmission 
termination can be judged by that the preamble signal is not detected 
for a predetermined interval. 

' As shown in Fig. 6, a preamble signal is always added to the 
top of the data packet, the ACK packet, and the NACK packet. In 

30 the drawing, the parts of designated with "P" correspond the preamble. 
Addition at the start of transmission of each signal enables the 
communication apparatuses to detect the use of the transmission path 
by an adjacent communication apparatus. The preamble signal is 
generally made up of the known string information to be transmitted, 

35 so that it can be more easily received than the net transmission data. 
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Thus, the communication apparatuses at the communicable area can 
surely detect this. This is also applicable to the Ultra Wide Band 
communication having no carrier of a specific frequency. 

Fig. 7 schematically illustrates a functional structure example 
5 of a wireless communication apparatus capable of preferably 
operating in a wireless system regarding an embodiment of the 
present invention. The wireless communication apparatus shown in 
the drawing comprises an interface 101, a transmission buffer 102, a 
wireless transmission section 103, a preamble insertion section 104, 

10 an antenna 105, a preamble detection section 106, a wireless 
reception section 107, a central control section 108, a reception 
buffer 109, a reception confirmation information generation section 
110, a transmission data processing section 111, a reception data 
processing section 112, and an information storing section 113. 

15 The interface 101 interchanges various types of information 

with information processing units such as units connectable to the 
wireless communication apparatus (for example, a personal computer 
(PC) or an upper position application operative on the units). 

The transmission buffer 102 fragmentizes the data transmitted 

20 from the unit or an upper position application via the interface 101 by 
a predetermined unit and temporarily stores the fragmentized data. 

The wireless transmission section 103 executes a modulation 
process to obtain, for example, an ultra wide band signal to 
wirelessly transmit the data. The ultra wide band signal is formed 

25 with an impulse signal stream having an extremely short period about 
hundreds picoseconds. In this embodiment, no preamble signal is 
detected for a predetermined interval, the transmission operation of 
the data packet, a transmission request (RTS), or the beacon signal is 
started. 

30 The preamble insertion section 104 adds a predetermined 

preamble signal to an ultra wide band signal, namely, adds it just 
before transmission of a packet. The preamble signal is generally 
formed with known string information to transmit it. 

The antenna 105 wirelessly transmits a signal to another 

35 wireless communication apparatus and collects the signals from other 
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wireless communication apparatuses. The antenna 105 may be of a 
transmission/reception type. 

The preamble detection section 106 detects the preamble 
formed with the known stream added to the top of the ultra wide band 
5 signal collected by the antenna 105 at the timing instructed by the 
central control section 108. 

The wireless reception section 107 receives the signals such as 
the data or a beacon signal transmitted from other wireless 
communication apparatuses. In this embodiment, the wireless 

10 receiving section 107 receives the signal added to the preamble signal 
in response to the detection of the preamble signal. 

The central control section 108 integrally executes a sequence 
control in the sequence data communication and the access control of 
the wireless transmission path in accordance with the execution 

15 procedure instructions stored in the information storing section 113. 

The reception buffer 109 stores the data received by the 
wireless reception section 107 and judges whether or not an error 
exists in the data. 

The reception confirmation section 110 generates the ACK 

20 information when the data is correctly received and generates the 
NACK information when the ' data is incorrectly received. The 
central control section 108 transmits the ACK information and the 
NACK information to the transmission data processing section 111 to 
generate the ACK packet or the NACK packet. 

25 The transmission data processing section 111 takes out the 

fragmentized data stored in the transmission buffer 102 to generate a 
transmission packet, a transmission request (RTS), and a confirmation 
notice (CTS), and the periodical beacon signal at a predetermined 
frame period. In the beacon signal, it is possible to describe 

30 specification of a prioritized transmission source. 

The reception data processing section 112 analyses the data 
that can be received from other wireless communication apparatus. 
The reception data described here includes the beacon signal 
transmitted at a predetermined frame period from another 

35 communication apparatus, the data packet from the other wireless 
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communication apparatus as a transmission source, the ACK packet 
from another wireless communication apparatus as a reception target, 
the confirmation notice (CTS) returned in response to the 
transmission request (RTS) packet, and the like. When the beacon 
5 signal is received, the prioritized transmission source information is 
analyzed. 

The information storing section 113 stores the execution 
procedure instructions for the sequence operation and temporarily 
stores information regarding the access control. 

10 Fig. 8 illustrates the structure of the beacon signal used in the 

wireless system regarding an embodiment of the present invention. 
The beacon signal shown in the drawing comprises a header 
information section and a payload information section after a 
predetermined preamble. 

15 The header information section comprises an identifier 

indicative of a Beacon (Beacon), a data length of the information, the 
information of the transmission source, the information of the 
reception group, and the error detection information of the header 
(HCS: Head Check Sequence). 

20 Further, to the payload information section, the specifying 

information of a prioritized transmission apparatus or the like set at 
needs is added, and error detection information (CRC: Cyclic 
Redundancy Code) of the payload is added at the most rear end. 

Fig. 9 illustrates a structure of the data packet signal used in 

25 the wireless system regarding an embodiment of the present invention. 
The data packet in the drawing comprises a header information 
section and a payload information section after a predetermined 
preamble. 

The header information section comprises an identifier 
30 indicative of the Data (Data), a data length of the information, 
information of a transmission source address, information of a 
reception target address, and error detection information of the 
header (HCS). 

Further the payload information section comprises the data 
35 payload in which fragmentation is carried out by an information 
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amount of a predetermined time unit. If the transmission of the data 
packets continues, it is possible to include an element of the RTS for 
next data transmission in the payload. Further, the element of the 
RTS can be included in the header information section (refer to Fig. 
5 5). 

Fig. 10 illustrates the structure of the ACK packet used in the 
wireless system regarding an embodiment of the present invention. 
The ACK packet shown in the drawing is made up only of a header 
information section following a predetermined preamble. 

10 The header information section comprises an identifier 

indicative of a normal reception confirmation (ACK), a data length of 
the information, the information of the transmission source address, 
the information of the reception target address, and the error 
detection information of the header (HCS). Further, if the data packet 

15 transmission continues, it is possible to include an element of the 
CTS for the next data transmission (refer to Fig. 5). 

Fig. 1 1 illustrates a structure of the NACK packet used in the 
wireless system regarding an embodiment of the present invention. 
The NACK packet shown in the drawing is made up only of the 

20 header information section following to a predetermined preamble. 

The header information section comprises an identifier 
indicative of an error reception confirmation (NACK), a data length 
of the information, information of the transmission source address, 
information of the reception target address, and error detection 

25 information of the header (HCS). 

Fig. 12 shows a structure of a transmission request (RTS) 
packet signal used in the wireless system regarding an embodiment of 
the present invention. The RTS packet shown in the drawing is 
formed only with a header information section following a 

30 predetermined preamble. 

The header information section comprises an identifier 
indicative of the transmission request (RTS), a data length of the 
information, information of a transmission source address, 
information of a reception target address, and error detection 

35 information of the header (HCS). 
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Fig. 13 shows a structure of a confirmation notice (CTS) 
packet signal used in the wireless system regarding an embodiment of 
the present invention. The CTS packet shown in the drawing is 
formed only with a header information section following a 
5 predetermined preamble. 

The header information section comprises an identifier 
indicative of the confirmation notice (CTS), a data length of the 
information, information of a transmission source address, 
information of a reception target address, and error detection 
10 information of the header (HCS). 

Fig. 14 shows an operational procedure executed within the 
wireless system by the wireless communication system shown in Fig. 
7 in the form of a flow chart. This operation procedure is actually 
provided in the condition that the central control section 108 executes 
15 the execution procedure instructions stored in the information storing 
section 113. 

In the interface 101 of the wireless communication apparatus, 
it is judged whether a transmission request of the data is received 
from a unit externally connected with the interface 101 of the 

20 wireless communication apparatus (or an upper layer application 
activated on the unit)(step SI). 

When the data transmission request is detected, the data is 
fragmentized by a predetermined unit to store the data in the 
transmission buffer 102 (step S2). 

25 After this, via a predetermined access control process (step 

S3), it is judged whether the transmission data in the transmission 
buffer 102 can be transmitted to the wireless transmission path. 

Here, if communication by another communication apparatus 
is carried out within the communicable area of the wireless 

30 communication apparatus, a predetermined access control process 
(step S3) is continued. If no other communication apparatus carried 
out communication, it is in the condition that the transmission to 
the wireless transmission path is possible. The detailed description 
about the access control process will be made later. 

35 Next, the beacon signal from the information reception target 
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is received to judge whether the reception region comes (step S5). 
Here, when the reception region does not come, the processing 
returns to step S3 to try the predetermined access control process 
again. 

5 If it is clear from the reception of the beacon signal that it is 

within the reception region of the information reception target, it is 
judged whether own station is specified as a prioritized transmission 
source (step S6). If own station is specified as a prioritized 
transmission source, the processing proceeds to step S9 to transmit 

10 the data (Data) packet to which a preamble signal is added. 

On the other hand, if it is not specified as the prioritized 
transmission target, the preamble + transmission request (RTS) signal 
is transmitted to the reception target communication apparatus (step 
S7). After this, only when a for-own station confirmation notice 

15 (CTS) packet (step S8), the data packet to which a preamble is added 
is transmitted (step S9). 

Here, if the for-own station confirmation notice (CTS) for the 
RTS packet transmitted by own station is not received (step S8), the 
processing returns to step S5 to repeat the transmission process for 

20 the RTS after it is confirmed again as to whether it is within the 
information transmission region. 

After the transmission of the data, when the for-own-station 
NACK information is received (step SIO), the processing returns to 
step S9 to execute retransmission of the data. 

25 Further after the transmission of the data, when the for-own- 

station ACK information is received (step Sll), it is judged whether 
transmission data exists continuously in step SI 2. If the transmission 
data exist continuously, the processing proceeds to the step S9 to take 
out the fragmentized next data from the transmission buffer 102 to 

30 execute the data transmission. 

Here, if no continuous data exist, the sequence data 
transmission processing is terminated and the processing returns to 
the first step S 1 . 

Further, if neither the ACK packet nor the NACK packet are 

35 received within a predetermined reception confirmation interval, the 
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processing branches off from "No" in step Sll and returns to step S5, 
where it is confirmed again whether the information transmission 
region comes, and then, the transmission process for the RTS is 
executed to effect data retransmission (ditto). 
5 When receiving no data transmission request in the judgment 

in step SI, this wireless communication apparatus judges whether the 
top timing of a transmission frame period comes (step SI 3). When 
the top timing of a transmission frame period comes, a beacon is 
transmitted (step SI 4). After this, it is judged whether it exists 

10 within own reception region (step SI 5). 

Here, if it is not the top timing of a frame period, or it is 
outside own reception region, the processing returns to step SI. 

Further, if it is within own reception region, a predetermined 
preamble signal reception processing is executed (step SI 6). 

15 At this point, if a for-own-station transmission request (RTS) 

packet is received (step SI 7), the confirmation notice (CTS) packet to 
which a preamble is attacked just after its end is returned (step SI 8). 

Further, if a for-own-station data (Data) packet is received 
(step SI 9), a data reception of a predetermined unit is executed (step 

20 S20). Here, it is possible to adopt the structure that the wireless 
communication apparatus as a transmission source of the for-own- 
station data is specified as a prioritized transmission source (step 
S21). 

It is judged whether the data is correctly received using the 
25 CRC at the end (step S22). If the data cannot be received, the 
NACK packet to which a preamble is attacked just after its end is 
returned (S23). After that, the processing returns to step S15 to 
continue the reception process again. 

On the other hand, if the data is correctly received (step S22), 
30 the ACK packet to which a preamble is attacked just after its end is 
returned (step S24). Then, the received .data is supplied to an 
externally connected device through the interface 102 (or the upper 
layer application) (step S2S), and the sequence data reception process 
terminates. After that, the processing returns to the first step SI. 
35 Further, if no reception of for-own station data (step SI 9), the 
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processing returns to step SI 5 again to continue to execute these 
sequence reception processes only when it exists within the own- 
station region. 

Fig. 15 shows a detailed procedure of the access control 
5 process corresponding to the step S3 in Fig. 14 in a flow chart format. 

First, time corresponding to the time unit of predetermined 
fragmentized data is set to an access timer (step S31). Then, it is 
judged whether the preamble signal is detected (step S32). If it is 
detected, then, the header part is decoded. 
10 Next, it is judged whether the RTS header is received (step 

S33). If the RTS header is received, successively it is judged 
whether Data header is included (step S34). 

If the Data header is included, the time corresponding to the 
data length of the data is set to the access timer (step S41), and the 
15 control is effected to execute no transmission operation with the 
recognition that the transmission path is used for the interval up to 
time out (step S41). 

On the other hand, if no Data header is included, the time up 
to the Data timing expected to be subsequently transmitted is set to 
20 the access timer (step S40). 

Further, other than the RTS header, if the CTS header is 
received (S3 5), time corresponding to the data length of the data is 
set to the access timer (step S41), the control is effected to execute 
no transmission operation with the recognition that the transmission 
25 path is used by hidden terminals for the interval up to time out (step 
S41). 

Further, other than the RTS header and the CTS header, if Data 
header is received (step S36), the time corresponding to the data 
length of the data is set to the access timer (step S41). 

30 Further, other than the RTS header, the CTS header and the 

Data header, if the NACK header is received (S3 7), time 
corresponding to the data length of the data is set to the access timer 
(step S41), the control is effected to execute no transmission 
operation with the recognition that the transmission path is used by 

35 hidden terminals for the interval up to time out. 
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If no, and if the ACK header is received (step S3 8), 
successively it is judged whether the CTS header is included (step 
S39). If the CTS header is included, time corresponding to the data 
length of the data is set to the access timer (step S41), the control is 
5 effected to execute no transmission operation with the recognition 
that the transmission path is used for continuous data transmission for 
the interval up to time out. On the other hand, if no CTS header is 
included, the setting in the access timer as a target of the ACK is 
released (step S42), and the sequence access control process is 
10 terminated and the processing exits the subroutine. 

Further, if no header is received after the detection of the 
preamble signal, the time corresponding to the time unit of the 
predetermined fragmentized data is set to the access timer (step S43). 
After that, if no preamble signal is detected and if a timer 
15 value is newly set, it is judged whether the access timer become "time 
out" (step S44). Then, if in case of "time out", the sequence access 
control process is terminated and the processing exits the subroutine. 

If the access timer does not become "time out", the processing 
returns to step S32, where the above-mentioned sequence process is 
20 repeated depending on whether a new signal is received up to time 
when the set timer becomes "time out". 

In this embodiment, as described above, the preamble signal is 
always attacked to the top of a packet. The regularly attachment at 
the transmission start of each signal provides the detection of the use 
25 of the transmission path by the peripheral communication apparatuses. 
The preamble signal, generally transmitted with the structure 
including known string data, can be easily received, so that each 
communication apparatus within the communicable region can surly 
detect it. 

30 

APPENDIX 

As described above, the present invention is described in 
detail with reference to the specific embodiment. However it is 
obvious that the person in the art can make modification or 
35 replacement within the region without departing from the subject of 
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the present invention. That is, the present invention has been 
disclosed in an exemplary mode and should not be interpreted 
restrictively. To judge the subject matter of the present invention. 
Claims should be referred. 

5 

INDUSTRIAL APPLICABILITY 

According to the present invention, a superior wireless 
communication method, a superior wireless communication apparatus, 

10 a superior wireless communication method, and a superior computer 
program, capable of a preferable access control with avoiding 
collision of communication and a retransmission control in the ultra- 
wide band communication system are provided. 

Further, according to the present invention, there are provided 

15 a superior wireless communication method, a superior wireless 
communication apparatus, a superior wireless communication method, 
and a superior computer program, capable of a preferable access 
control or a preferable retransmission control with holding the use 
condition of the transmission path for the data communication or 

20 retransmission between other communication terminals by currently 
non-communicating communication apparatuses. 

According to the present invention, it is surly specified that 
when the data is correctly received, the ACK information is returned, 
and if the data is not correctly received, the NACK information is 

25 returned. This provides the communication method capable of 
informing peripheral communication apparatuses about the repeatedly 
use of the transmission path. 

Further, according to the present invention, transmitting a 
beacon signal describing the information of the wireless 

30 communication apparatus of which transmission is prioritized 
preferably avoids collisions among communication apparatuses 
without using previously interchanging the transmission request 
(RTS) and the confirmation notices (CTS) before the data 
communication. 

35 Further, according to the present invention, if a plurality of 
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fragmentized data pieces are transmitted, transmitting data packet of 
the next unit after the reception of the ACK packet for the data packet 
preferably prevents occurrences of collisions during continuously use 
the transmission path. 

Further, according to the present invention, if no prioritized 
transmission is permitted, or if the ACK cannot be received, the use 
of the procedure of exchanging the transmission request (RTS) and 
the confirmation notice (CTS) preferably avoids collisions among the 
communication apparatuses. 
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